"Gourmantché" areas while the phenotype A and AB were more reported in "Boucle du mouhoun" and "Hauts-Bassins" regions where we have "Bwaba" and "Bobo." The phenotype O negative was less frequent in "Bwaba." Our study provides interesting information to blood services that will allow them to better refine their donor recruitment strategies.
of Morocco is established by several studies (Benahadi et al., 2013; Habti, Nourichafi, & Benchemsi, 2004; SmailChadli, Belhachmi, & Izaabel, 2017) . In Guinean population, 22%, 24%, 5% and 49% belongs respectively to blood groups A, B, AB and O (Loua, Lamah, Haba, & Camara, 2007) . In Nigerian populations, the frequencies of phenotypes A, B, AB, O, RHD+, RHD− varied respectively between 20.5%-23.1%, 20.7%-21.3%, 1.6%-2.7%, 52.9%-57.2%, 94.8%-97% and 3%-5.2% (Iyiola, Igunnugbemi, & Bello, 2012; Mohammed et al., 2012) .
In transfusion medicine, the determination of blood groups is essential for transfusion safety. Indeed, typing ABO and RHD blood groups are the first effective tool to manage immunological risks.
Moreover, determining the distribution of ABO and RHD phenotypes among the potential donors will allow transfusion services to ensure better management of blood stocks and good strategies for supplying the country with blood products of various blood groups. This is specifically important for the National blood transfusion center (CNTS) of Burkina Faso where the mobile collection teams realized 1,507 blood collections for around 73% of collected blood units in 2016 (Annual report 2016). Mapping the distribution of ABO and RHD blood groups will allow better planning of collection sites.
There are few data on ABO and RHD phenotypes in Burkina Faso. One of the first studies conducted in years 1950s in West Africa that the phenotypes O, A, B and AB represented respectively 42%, 19%, 31% and 8% in ex-Upper-Volta (Livingstone, Gershowitz, Neel, Zuelzer, & Solomon, 1960) . In 2009, another study included both repeated and first-time donors found that frequencies of phenotypes O, A, B, AB and RHD+were respectively 43.2%, 22.3%, 28.6%, 5.9% and 92.6% (Tagny et al., 2009) . But these data were global and did not integrate the pattern of geographical distribution.
Our study aims at providing information on the distribution pattern of the phenotypes and genes frequencies of ABO and RHD blood groups systems among voluntary blood donors in Burkina Faso.
| MATERIAL AND ME THODS

| Study setting and design
The study was carried out in the Regional blood transfusion center (RBTC) of Ouagadougou, Bobo-Dioulasso, Koudougou and Fada N'Gourma located respectively in the Centre, the West, the Centrewest and the east of the country (Figure 1 ).
We conducted a cross-sectional study including blood donors of 18 years age old recruited in these four RBTC from 2011 to 2013, irrespective of their gender and ethnic. We assumed that the regularity of donating blood could be influenced by blood groups type. Indeed, donors of blood group O, considered as "universal 
| Ethical considerations
Approval of the Medical committee of the CNTS was obtained for this study. Data have been used anonymously. The confidentiality of donors has been preserved.
| Formulas and calculations
The observed phenotypic frequencies of the ABO and RHD blood groups were determined by the ratio between the number of individuals possessing the antigenic character and the total number of donors. The frequencies of the alleles A, B and O were calculated according to Bernstein's method and assuming Hardy-Weinberg equilibrium (HWE) as described in previous studies (Benahadi et al., 2013; Loua et al., 2007; Said et al., 2003) . Briefly, the frequencies of 
| Data management and analysis
| RE SULTS
A total of 81,486 blood donors were included in the study. The sex ratio (M/F) was 2.4 and the average age, 24.49 ± 7.15 years.
Frequencies of blood groups ABO/RHD were as follow- In Burkina Faso, the circumstances where blood grouping is routinely requested are related to pre-transfusion context (especially for severe malarial anaemia, obstetrical haemorrhages, etc.) and pre-marital analyses. It is well established that ABO and RHD blood group systems are of critical importance in blood transfusion and underlie the occurrence of the newborn haemolytic disease. They are also of interest in population genetics studies, medico-legal investigations. So, our study which seems to be among the first ones in our country is of great importance.
It involved 81,486 donors, a larger sample than most studies in African sub-Saharan and more or less geographically representative of the Burkinabé population in general. However, it has included a specific population constituted of blood donors. Due to possible misunderstanding or misconception around blood groups, the intention to donate blood or not could be influenced by blood group type.
Also, our results could be affected. In order to mitigate this possible bias, we included only donors who donate blood for the first time during the study period.
Nationally and all over the studied regions, the distribution pattern of ABO phenotypes was O > B>A > AB. This was consistent with previous data (Livingstone et al., 1960; Tagny et al., 2009 ). These results were also similar to those in other West African countries (Table 2) (Iyiola et al., 2012; Loua et al., 2007; Santovito et al., 2009 ). However, they were not consistent with those in Central Africa and Maghreb where the sequence was O > A> B > AB (Benahadi et al., 2013; Kabemba et al., 2017; Ndoula, Noubiap, Nansseu, & Wonkam, 2014; Said et al., 2003; SmailChadli et al., 2017) . The phenotypes RHD+ were predominant in our study, as in the other studies across the different African regions.
As shown in Table 1 in Central region (0.0202). The differences between these geographical regions were statistically significant as shown in Table 1 (χ 2 = 78.8; df = 35; p = 0.000).
The overall genic frequencies for alleles A, B and O were, respectively, 0.1524, 0.1887 and 0.6590. These results were consistent with TA B L E 2 Comparison of phenotypic distribution of ABO and Rhesus antigens in different populations those observed in previous study in Madagascar (Randriamanantany et al., 2012) (Loua et al., 2007; Ndoula et al., 2014; Santovito et al., 2009 ). The allele D was most frequent (0.7214); this is consistent with all the studies in African populations, from Central Africa to Maghreb and from West to East (Hamed et al., 2012; Kabemba et al., 2017; Mohammed et al., 2012; Tesfaye, Petros, & Andargie, 2015) .
The administrative regions covered by our study corresponded roughly, with a few exceptions, to some ethnic natural areas. The central region, the central-west region, the east region, the regions of "Hauts-Bassins," "Cascades" and "Boucle du Mouhoun" are respectively the natural area of "Mossi," "Gourounsi," "Gourmantché,"
"Bobo," "Sénoufo" and "Bwaba." So, the distribution pattern of ABO and RHD antigens in administrative regions could be extrapolated to these ethnics groups. In Guinean donors' population, Loua et al., (2007) showed that the profile in administrative regions is consistent with ethnic natural areas.
Beside the epidemiological and probable anthropological significances of this pattern of blood groups distribution across the country, some of these differences could have great importance for blood services. For example, the group O and mainly the O negative have strategic meaning for these services. They could not manage the supply of blood units without integrating these data. Indeed, group O blood units in general and especially O negative are the best choice to meet red blood cells need in an emergency context, when the patient blood group is unknown (Benahadi et al., 2013) . The predominance of group O is, from this point of view, an important advantage. Unfortunately, the frequency of the O negative phenotype was two times lower than observed in European countries, 3% vs 6.8% (INST, 2015) . However, the O negative red cells unit shortage appears to be a concern of blood services worldwide, due to frequent use of O negative blood units for non-O negative recipients (Barty et al., 2014) . If the low frequency of the RHD-negative phenotype in general could affect the availability of compatible blood units for the patients, it raises less risk of newborn haemolytic diseases in the general population.
Moreover, when considering the Figure 2 , we can easily hypothesize that successive blood collections in the regions of "Boucle du
Mouhoun" or of "Cascades" could result in shortage of O red blood cells. These two regions were characterized by phenotypes A, AB
and B. This cartography shows that to improve the availability of O negative red cells unit, the blood services have to collect regularly blood in East region.
| CON CLUS ION
Our study shows that the ABO and RHD phenotypic distribution pattern in Burkina Faso is similar to several West African populations. Some significant differences were observed between the different areas. These findings may be important for blood donor recruitment strategies to ensure the availability at all time of the low-frequency blood groups. They could be used to sensitize blood prescribers to avoid wastage of rare blood group phenotypes, while respecting the indications of blood transfusion.
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